The transport characteristics across the pulsed laser deposited Ni 0.07 Zn 0.93 O/Mg 0.21 Zn 0.79
Non-ohmic transport characteristics across heterojunction diode are decisive ingredient for most of the contemporary technological applications.Accordingly, a wide range of p-type and n-type materials have been studied in combination. In recent years, much emphasis is given to the oxide based heterostructures displaying the rectifying behavior whose properties could be tuned by various parameters e.g. doping concentration, thickness, magnetic field, temperature etc. However, one of the major challenges that these heterostructures undergo is the mismatch of lattice parameters or crystalline structure of the chosen n/p-type layer material at the interface. This also leads to an abrupt change in electronic properties at the interface of such heterostructures due to which transport of the charge carriers are affected.
In this context, efforts are being made to prepare p-n junction diode of the semiconductors of the same material by choosing appropriate dopants.
Over last few decades, ZnO has emerged as a key oxide material with wide range of fascinating properties like direct wide band gap of 3.37 eV and a large exciton binding energy of 60 meV at room temperature [1, 2] . n-type ZnO is readily available because of wide range of dopants available as well as inherent nature of ZnO itself which has a tendency to form n-type defect states such as oxygen vacancy or zinc interstitial [3] . Therefore, search is on to find a suitable dopant in ZnO, which can lead to p-type doping. However, so far the success is limited, and hence, the exploration for rectifying behavior is further extended to hybrid structures of n-type ZnO only, though with different carrier concentration in individual layer, such as n-n heterostructure [4] . The concentration gradient in such heterostructure at the interface will yield charge transfer across the junction and a potential barrier will develop depending on the dopant concentration profile and different band lineups. It should be noted here that the charge type responsible for the transport across the interface will not only depend on the nature of dopant and its concentration but also on the band alignment at the interface. Since, both energy bands and electron distribution are temperature sensitive; one can expect variation in the transport characteristics with respect to temperature [5, 6] .
The temperature dependent transport studies of Zn 0.9 Mn 0.1 O/ZnO heterojunction showed that two-dimensional electron gas is successfully formed at the Zn 0.9 Mn 0.1 O/ZnO interface [7] . Such systems are also useful for making temperature sensors [8, 9] . It is known that, Mg and Ni doped ZnO exhibit n-type conductivity at room temperature [10, 11] and their heterojunction can result in n-n junction. Doping ZnO with Mg causes an increase in the band gap of ZnO while Ni doping causes reduction of the band gap [10, 12] . at 100 K can be understood by assuming that Ni doping induces vacancies in the valence band by trapping electrons at 10 K. The trapping occurs because of the fact that Ni has higher electronegativity than Zn. The presence of Ni 3d states near the valence band has been confirmed from valence band spectroscopy measurements as shown in fig. (4) . From the figure, it can be observed that feature appearing at 2 eV corresponds to Ni 3d states in [16] show that in Ni 0.14 Zn 0.86 O, Ni-3d states lie near the valence band of ZnO. This feature has also been observed in our recent study of the valence band spectra of NiZnO (Ni=5%) [17] . The Ni-3d states are split into lower energy doublet (e g ) and higher energy triplet (t 2g ) states due to the crystal field splitting [11] . The t 2g states are further split into the low energy bonding states and high en- is no sufficient concentration gradient, hence we do not observe non-ohmic behavior at the junction at these temperatures while at 10 K the junction characteristics resemble with the p-n junction and cause non-ohmic behavior. We have explored the minute details of the junction characteristics by plotting resistance across the junction (R-V) near zero biasing regime in both forward and reverse bias conditions as shown in figure 5 , where we find a strikingly opposite feature at 10 K and 100 K. At 100 K the resistance is lower due to increased electron concentration. At 10 K, since the junction acts as a p-n junction, so the formation of depletion region cannot be ignored at this temperature. The presence of this depletion region and low thermal energy results in the higher resistance of the grown heterojunction.
In conclusion, we find that Ni 0.07 Zn 0.93 O/Mg 0.21 Zn 0.79 O heterojunction acts as a p-n junction at low temperature, viz; 10 K while at higher temperature (100 K), it shows n-n junction behavior. The reason for the same has been ascribed to different band lineups as well as thermal activation of electrons to conduction band at higher temperature.
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